mation flow in the olfactory system? Alternatively, as Sensory systems show behavioral state-dependent suggested by a human study showing the behavioral gating of information flow that largely depends on the state-dependent change in olfactory perceptual prothalamus. Here we examined whether the statecessing (Carskadon and Herz, 2004), does the olfactory dependent gating occurs in the central olfactory pathsystem have neural mechanisms for the state-depenway that lacks a thalamic relay. In urethane-anesdent gating that do not require thalamic relay? If the thetized rats, neocortical EEG showed a periodical alstate-dependent gating occurs in the olfactory system, ternation between two states: a slow-wave state which structure-the OB or the OC-is responsible for (SWS) characterized by large and slow waves and a the gating? fast-wave state (FWS) characterized by faster waves.
To address these questions, we recorded extracelluSingle-unit recordings from olfactory cortex neurons lar single-unit responses of OC neurons to odorant showed robust spike responses to adequate odorants stimulation while brain state was monitored by recordduring FWS, whereas they showed only weak reing EEG from the neocortex in urethane-anesthetized sponses during SWS. The state-dependent change in rats. Under anesthesia, neocortical EEG showed a periodorant-evoked responses was observed in a majorodical alternation between slow-wave state (SWS) and ity of olfactory cortex neurons, but in only a small fast-wave state (FWS) Figure 1B shows the odorant-evoked responses of an APC neuron during SWS and those during FWS. the w1 Hz slow oscillation during SWS was replaced by small slow waves of about 4 Hz and fast waves of During FWS, we applied n-heptane 16 times. In every weaker responses during SWS. Fluctuation of the latency of the OB-evoked spikes indicated that the spikes were elicited synaptically. As Neuronal Mechanism for the State-Dependent Olfactory Gating clearly seen in Figure 6 , the OB-evoked spike responses were stronger during FWS than during SWS.
Results

gamma band frequency (35-45 Hz
To examine the cellular mechanisms responsible for the state-dependent gating of olfactory inputs, we made Six out of nine neurons in the OC showed a significant state-dependent change in the OB-evoked spike reintracellular recordings of membrane potentials from (Figures 7A and 7B) . The membrane polation with a long-lasting hyperpolarization phase and tential during FWS was almost equal to that during the a prolonged depolarization phase. This membrane podepolarization phase of SWS. These results suggest tential oscillation was highly correlated with the slow that the large and prolonged hyperpolarization phase oscillation of neocortical EEG. The presence of a hyperduring SWS might prevent olfactory sensory input from polarization phase during SWS may play a key role in activating the OC neurons.
gating olfactory sensory inputs. Figure 7D , APC neuplitude compared to that elicited during the depolarizarons showed EPSPs with different shapes during FWS tion phase (see Figure 7D ), suggests that, as is the case and SWS. During the hyperpolarization phase of SWS, in the neocortex, the hyperpolarization phase in OC the amplitude of OB-evoked EPSP (arrow) (9.0 mV) was neurons is not an active inhibitory phenomenon with larger than that during FWS (arrow) (4.8 mV). However, increased membrane conductance, but a phase associmembrane potential at the peak of the EPSP during the ated with disfacilitation. Further studies are necessary hyperpolarization phase was at a more hyperpolarized to examine the membrane conductance change of OC level than that during the depolarization phase of SWS neurons during the hyperpolarization phase and the deand that during FWS. ger, satiety, and affect.
To examine how the change in the membrane potenThe observation that OB stimulation induced a cleartial of OC neurons influences the responses to the affercut EPSP in OC neurons during the hyperpolarization ent inputs, we recorded OB-evoked synaptic potentials phase of the slow oscillation, even with increased amduring FWS and SWS. As shown in
Stimulation Experimental Procedures
Square current pulses (0.1 ms in duration, 50-100 A) were used to electrically stimulate the OB or LOT. peaks of membrane potential histograms, the trial was assigned to the hyperpolarization phase, and if more than the upper tertile phenetol, pyridine, allyl isothiocyanate, o-xylene, n-valeric acid, hexanoic acid, n-heptanoic acid, n-propylaldehyde, n-valeraldevalue, the trial was assigned to the depolarization phase. Cross-correlation of membrane potential oscillation of OC neuhyde, n-hexanal, n-heptanal, n-hexyl amine, methyl hexanoate, n-propyl propionate, n-hexyl propionate, 2-pentanone, 2-heptarons and the slow oscillation of neocortical EEG (as a reference) was calculated using a standard method. The results range benone, 2-nonanone, n-butyl ethyl ether, n-heptane, grape flavor, milk flavor. We also used many other odorants that were described in tween 1.0, meaning that the waves are identical (except for amplitude), and −1.0, meaning identical but inverted. our previous reports ( 529.
